INTRODUCTION
Lynch syndrome is an autosomal dominant cancer syndrome associated with an increased risk of colorectal cancer (CRC) and other extracolonic malignancies, including endometrial, stomach, small bowel, and ovarian cancers. It accounts for approximately 3% of all CRC cases, making it the most common form of hereditary CRC. [1] [2] [3] [4] Lynch syndrome most commonly occurs due to the inactivation of 1 of 4 mismatch repair (MMR) genes (MLH1, MSH2, MSH6, and PMS2), either due to germline mutation or epigenetic silencing. 5, 6 This MMR defect leads to microsatellite instability (MSI), a hallmark feature of Lynch syndrome tumors.
Amsterdam criteria and Bethesda guidelines have been developed to identify patients with CRC who should undergo evaluation for Lynch syndrome using criteria mainly based on family cancer history and age at onset. [7] [8] [9] [10] However, these methods are not sensitive enough to detect all patients with Lynch syndrome given that not all meet these criteria, family history is not always reliable or available, and many patients who do meet these criteria remain undiagnosed. 2, [11] [12] [13] [14] [15] [16] [17] [18] [19] 16 More recently, Cross et al reported that only 11% and 25%, respectively, of patients who met the Bethesda and Amsterdam criteria had undergone evaluation for Lynch syndrome. 14 Genetic testing for germline mutations in MMR genes is costly, and therefore a stepwise process for evaluating patients for Lynch syndrome is typically implemented. As a first step, 1 of 2 molecular tests can be used to test tumor tissue for the presence of an MMR deficiency: immunohistochemistry (IHC) and MSI tests. 20, 21 IHC assesses the levels of MMR proteins detected in the tumor tissue whereas MSI testing assesses the level of MSI in the tumor tissue. Tumor samples that are positive for an MMR deficiency based on one or both of these tests typically undergo additional testing to assess hypermethylation of the MLH1 promoter region and BRAF mutations to rule out sporadic mutations. Patients who are negative for BRAF and hypermethylation are then generally referred to genetic counseling, during which the patient is counseled concerning his or her risk of developing Lynch syndrome and provided the opportunity to undergo germline DNA analysis of MMR genes to confirm a diagnosis of Lynch syndrome.
In 2009, the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) working group at the Centers for Disease Control and Prevention recommended a universal CRC tumor screening approach for Lynch syndrome. 21, 22 Specifically, all newly diagnosed patients with CRC, regardless of family history or age, would undergo CRC tumor screening for an MMR deficiency (via MSI or IHC testing), and those who tested positive would be offered genetic counseling and germline testing for MMR mutations. This recommendation was based on evidence that universal tumor screening for Lynch syndrome, and subsequent genetic counseling and testing in at-risk relatives, would reduce the morbidity and mortality associated with CRC. 21, 22 More recently, universal tumor screening for Lynch syndrome was endorsed by guidelines published by the National Comprehensive Cancer Network 23 and the US Multi-Society Task Force on Colorectal Cancer. 24 Despite this support for universal tumor screening for Lynch syndrome, potential patient-specific barriers to this screening approach remain, including concerns about psychosocial burdens, cost issues with screening and genetic counseling, adherence to cancer surveillance recommendations, and communication of the risk of Lynch syndrome to relatives. 25, 26 These last 2 concerns are significant given that the impact and cost-effectiveness of universal tumor screening will only be realized if patients and their at-risk relatives have access to and take advantage of genetic counseling and testing as well as recommendations for long-term cancer surveillance and risk-reducing surgery. 27, 28 An additional concern is that screening would occur directly after a CRC diagnosis, which is a stressful and overwhelming time. Thus, patients may not want the added burden of genetic counseling and testing while preparing for surgery and treatment, despite the potential benefits.
Therefore, it is important to understand the perspectives of patients newly diagnosed with CRC who will be screened as part of universal tumor screening programs. However, to the best of our knowledge, few studies to date have assessed patient attitudes and perceived benefits of and barriers to genetic testing for Lynch syndrome among "unselected" patients with CRC (ie, those patients who are not selected based on high-risk factors such as family history or those already seeking genetic testing). [29] [30] [31] [32] In addition, the majority of these studies were performed in a focus group setting rather than with individual assessments, and participants were not always surveyed right after the diagnosis of CRC, the timeframe for universal tumor screening.
The overarching goal of the current study was to identify variables that would guide the successful implementation of universal tumor screening for Lynch syndrome. The success of this screening program ultimately lies in patient uptake of subsequent evaluation for Lynch syndrome (ie, genetic counseling and testing) for those who are identified as being at high risk. Thus, understanding patient attitudes and perceived benefits and barriers surrounding tumor screening will guide health care facilities in implementing a successful screening program. As part of this effort, among unselected patients newly diagnosed with CRC, we investigated patient perspectives regarding tumor screening for Lynch syndrome, including perceived susceptibility, benefits and barriers, and distress associated with screening. We explored whether participant attitudes differed by demographic characteristics, clinical factors, and personal and family cancer histories.
MATERIALS AND METHODS

Recruitment
Kaiser Permanente Northwest (KPNW) is an integrated health care system that serves approximately 500,000
Original Article members in northwest Oregon and southwest Washington. Study participants were recruited as part of a randomized controlled trial among KPNW members to determine the effectiveness of a universal CRC tumor screening program for Lynch syndrome compared with the current practice of physician referral and self-referral for Lynch syndrome evaluation. Recruitment identified all individuals newly diagnosed with CRC who were aged >18 years and were scheduled for surgical treatment between January 2012 and November 2014. Patients were randomly allocated to the intervention arm (universal tumor screening) or the control arm (physician referral or self-referral for screening). Patients were eligible for enrollment if they spoke English, had no known cognitive impairment (eg, Alzheimer disease), had no previous contact with genetics services for CRC, had no previous screening for Lynch syndrome, had no previous diagnosis of Lynch syndrome or another CRC-related hereditary cancer syndrome, and were not in hospice. For each patient in the intervention arm, a tumor sample was submitted for MSI testing and a set of surveys was administered to assess patient attitudes regarding screening for Lynch syndrome. The current study focused on these survey responses, and therefore the participants included in the current study were limited to those in the intervention arm only. The protocols and consent forms for recruitment were approved by the Institutional Review Board at KPNW.
Measures
Within 1 month of enrollment, and before the return of MSI test results, participants were administered surveys over the telephone by a project team member. The first survey consisted of items designed to assess patient domains associated with patient attitudes toward screening for Lynch syndrome and genetic counseling. This survey was developed by the project team using the Health Belief Model as the underlying foundation for the survey design. 33 Participants were asked what they expected their MSI screening result to be and to choose between 4 potential responses: "at high risk of having a Lynch syndrome gene mutation," "at low risk of having a Lynch syndrome gene mutation," "inconclusive," and "no expectation." Participants were then asked to respond with how much they agreed with statements regarding perceived susceptibility for Lynch syndrome and perceived potential benefits of and barriers to screening for Lynch syndrome. For these items, responses were coded using a 5-point Likert-type scale ranging from "strongly disagree" to "strongly agree." For analyses, the item responses were consolidated into a 3-point scale: "strongly disagree/disagree," "neither," and "strongly agree/agree." Participants were also asked whether they planned to share their results with certain health care providers, with answers coded as "yes" or "no."
Participants were administered the Impact of Event Scale-Revised (IES-R) to assess the severity of distress that might be associated with screening for Lynch syndrome in addition to any distress associated with the CRC diagnosis and treatment. 34 An IES-R score of 0 indicated a lack of distress, and a total score of 22 was used to indicate a high level of distress.
Lastly participants were administered the Genetic Risk Easy Assessment Tool (GREAT) to obtain participant and family history information regarding cancer type and age at the time of diagnosis. 35 Survey data from the GREAT were missing for 1 participant who died before completing the survey.
Statistical Analysis
On primary analyses, the goal was to determine whether demographic characteristics were associated with patient perspectives regarding screening for Lynch syndrome. Multivariate logistic regression was used to analyze all dichotomous and multilevel survey outcomes. Given the 3-point scale, survey responses associated with perceived susceptibility and patient attitudes were first modeled using ordered logistic regression. However, in the event that the odds were not proportional across all 3 levels of responses, multinomial logistic regression was applied. Multinomial logistic regression was also used to analyze responses regarding expected MSI screening results. Predictors included age at survey, sex, annual household income, level of education, and race/ethnicity. Due to low diversity, racial/ethnic groups were consolidated and recoded as 1 (non-Hispanic white) or 2 (all others). Results are presented as the odds ratio (OR) and 95% confidence interval (95% CI). The numbers of potential benefits and barriers endorsed by each participant were calculated based on the number of "strongly agree/agree" responses to the associated items. Multivariate linear regression models were used to analyze the number of benefits and barriers endorsed as well as IES-R scores. The results of these models are presented as the regression coefficient (b) and P value.
On secondary analyses, the goal was to explore whether cancer-related factors were predictors of patient perspectives concerning screening for Lynch syndrome. These predictors were added individually to the models described above. Patient-specific predictors included the American Joint Committee on Cancer stage of the CRC, patient history of CRC, and patient cancer history (not including a diagnosis of nonmelanoma skin cancer). Selfreported cancer histories were not confirmed with medical records because a participant's perceived cancer history would more likely influence their survey responses than actual cancer history. A family history of CRC was also considered as a potential predictor, and was defined as the number of first-degree, second-degree, and third-degree relatives who had been diagnosed with CRC at any age, as reported by the participant.
For all models described above, a P value of .05 was used as the threshold to indicate statistical significance. SAS statistical software (version 9.1; SAS Institute Inc, Cary, NC) was used for all statistical analyses.
RESULTS
Study Population
At the time of the current analysis, 145 participants (mean age 6 standard deviation [SD], 66.6 6 11.3 years [range, 39-87 years]) had completed surveys (Table 1) . A slight majority of participants were male (58.6%), whereas most were non-Hispanic white (81.3%), had an annual household income of >$40,000 (67.4%), and had more than a high school education (75.8%). Approximately 60% of participants were diagnosed with CRC of stage I or II, 20.8% of participants had received a prior cancer diagnosis, and 23.6% of participants reported at least 1 relative with CRC. Due to the low number of participants with a prior CRC diagnosis (2 participants; 1.4%), this variable was not used as a predictor in subsequent statistical models.
Expected MSI Screening Results
When asked about their expected MSI screening result, the majority of participants (88 participants; 60.7%) had no expectations. A few participants (9 participants; 6.2%) expected their MSI screening test results to indicate a high risk of MSI. Those participants who expected to have a result indicating high MSI were more likely to have more family members with CRC (OR, 3.10; 95% CI, 1.22-7.92). The participants' expected MSI screening result was not found to be associated with age at onset, previous cancer diagnosis, or cancer stage (results not shown).
Perceived Susceptibility to Lynch Syndrome
A total of 51 participants (35.2%) indicated they were worried that they may carry an altered gene for hereditary CRC (Fig. 1) . Those participants were more likely to be younger (OR, 1.04; 95% CI, 1.01-1.13) or have a lower educational level (OR, 1.70; 95% CI, 1.23-2.34). In addition, 28 participants (19.3%) suspected that they were a gene carrier (Fig. 1) . These participants were more likely to have more relatives with CRC (OR, 2.74; 95% CI, 1.57-4.80).
Attitudes Regarding Screening for Lynch Syndrome
Greater than 90% of study participants agreed that they would be able to cope with their MSI screening result, that the test should be available to anyone who wants the information, and that they understood the reason for the test (Fig. 2) . Participants who agreed that they understood the reason for the MSI screening test were more likely to have a higher educational level (OR, 2.51; 95% CI, 1.24-5.07).
Potential Benefits of and Barriers to Screening for Lynch Syndrome
A total of 73 participants (50.3%) endorsed all 8 benefits whereas 123 participants (84.8%) endorsed 6 benefits (Fig. 3) . Demographic and cancer-related variables were not found to be associated with endorsement of benefits (results not shown). Participants endorsed more benefits if they worried that they may carry the altered gene for hereditary CRC (b 5 0.45; P 5 .0014) or suspected they were a gene carrier (b 5 0.51; P 5 .0019). All participants agreed that doctors should have access to the most updated technology.
In contrast, endorsement of barriers was varied, although the majority of participants (130 participants; 89.7%) endorsed 4 of the 9 barriers (Fig. 4) . Participants who endorsed fewer barriers were more likely to have more relatives with CRC (b 5 -0.68; P 5 .0004) and suspected they were a gene carrier (b 5 -0.56; P 5 .0008). The most common barriers were the absence of a family history of CRC (94 participants; 64.8%) and concern about the cost of additional genetic testing or counseling (79 participants; 54.5%) (Fig. 4) . It is interesting to note that only a relatively few participants (18 participants; 12.4%) were concerned about losing their health insurance.
Intention to Share MSI Screening Test Results With Health Care Providers
The majority of participants (133 participants; 91.7%) indicated they intended to share their results with a health care provider (Fig. 5 ). Women were more likely to 
Distress Associated With the MSI Screening Test
Overall, participants were found to have low levels of distress associated with MSI screening as measured by the IES-R for intrusion (mean, 1.04; SD, 0.16), avoidance (mean, 1.12; SD, 0.40), hyperarousal (mean, 1.06; SD, 0.34), and total distress (mean, 22.91; SD, 2.64). The majority of participants (112 participants; 77.2%) had an IES-R score of 0, indicating a lack of distress. A high distress score (22) was noted for only 3 participants (2.1%). The level of distress was not found to be associated with age, CRC stage, expected MSI results, perceived risk of Lynch syndrome, or endorsement of benefits or barriers (data not shown).
DISCUSSION
Although universal CRC tumor screening for Lynch syndrome has been recommended, 22, 23 the success of such a Original Article screening program lies in the attitudes of and uptake of further evaluation by patients with CRC identified through tumor screening as having a high risk of developing Lynch syndrome. Addressing barriers and facilitating benefits to tumor screening during implementation of a screening program will maximize its impact and success. Thus, patient perspectives toward tumor screening for Lynch syndrome need to be explored. The results of the current study are significant because they assess these perspectives among unselected patients newly diagnosed with CRC, which is the target population of universal tumor screening. Overall, the majority of participants indicated that they did not expect to be at high risk of developing Lynch syndrome. However, participants had a positive attitude toward tumor screening, endorsing many potential benefits of screening to themselves and their family. Patients' opinions regarding potential barriers to screening were more diverse. Surprisingly, only 12% of participants were concerned about the potential loss of health insurance. This rate is substantially lower than reported in previous studies among patients undergoing screening for Lynch syndrome after identification via family history, in which >30% of patients with CRC reported losing insurance as a concern. 36, 37 The lower level of concern regarding health insurance discrimination in the population in the current study could be due to an increasing awareness of the Genetic Information Nondiscrimination Act, passed in 2008, or the recent passage of the Patient Protection and Affordable Care Act, which prevents health insurance companies from discriminating against patients with genetic disorders due to the presence of a preexisting condition. In addition, it is likely that many participants in the current study population have KPNW insurance through their employer, which may decrease their concerns about losing their health insurance.
A family history of CRC (defined as the number of relatives with a prior CRC diagnosis) was found to be associated with the expectation of receiving a high MSI score, a higher suspicion of being a gene carrier, and the endorsement of fewer barriers to screening. Lack of a family history of CRC was the most common reason given to not undergo screening for Lynch syndrome. The results of the current study highlight the need to educate patients and their health care providers that Lynch syndrome is not always associated with a positive family history. [11] [12] [13] [14] [15] Ongoing concerns about universal tumor screening for Lynch syndrome include potentially unnecessary burdens to patients, including those who are older or have advanced cancer. 25 However, the results of the current study demonstrated that age and CRC stage were not significantly associated with patient endorsement of the benefits of and barriers to screening, indicating that older patients and those with advanced cancer are no less likely to see the value in Lynch syndrome screening. In addition, there was no significant distress associated with screening, and the distress that was experienced was not found to be associated with age or CRC stage. Previous studies have reported higher levels of distress associated with screening for Lynch syndrome among patients with CRC identified via family history. [36] [37] [38] [39] [40] The lower levels of distress in the current study population could be due to KPNW being an integrated health care system, which might relieve stress due to a lack of referral requirements, for example. In addition, universal screening of all patients with CRC, as opposed to those patients identified as being at high risk only, might lead to less overall distress because the majority of patients will likely believe that they are at low risk, as reflected in the results presented herein.
Given the association between Lynch syndrome and endometrial cancer, it is concerning that women in the current study did not recognize the importance of sharing their screening results with their OBGYN. Women who are screened due to a diagnosis of CRC should be educated regarding this association as well as the recommended surveillance for endometrial and ovarian cancer. 23, 24 In addition, health care facilities could implement a system to facilitate colonic and extracolonic surveillance recommendations for all patients identified as having Lynch syndrome.
It is important to address the limitations of the current study. First, perspectives on screening for Lynch syndrome among patients who consented to participate were assessed and therefore the survey responses may be biased toward those individuals interested in screening. Second, the use of MSI testing and IHC to screen tumors for MMR deficiency can vary across screening programs. 41 Therefore, the results of the current study using MSI testing may not be directly applicable to those that use IHC. In addition, all participants were insured members of KPNW, an integrated health care system with comprehensive medical services including access to physicians, laboratories, pharmacies, and genetic counseling. Thus, these participants may not share the same concerns as other patients with CRC without KPNW coverage, such as worry over the loss of health insurance or costs. Finally, the population in the current study was not racially or ethnically diverse. Given these limitations, the data presented herein may not represent the attitudes and beliefs of patients with CRC in general.
Additional issues surrounding the implementation of universal tumor screening for Lynch syndrome not addressed in the current study remain unresolved. Future analyses of this study population will focus on interest in tumor screening and genetic testing with respect to patient characteristics and the presence of at-risk relatives. In addition, participants will be evaluated for uptake of genetic counseling and testing, their understanding of their tumor screening and genetic test results, and the communication of these results to family members and health care providers.
The results of the current study indicate that patients with CRC have a positive attitude toward screening for Lynch syndrome, endorse the benefits of screening to themselves and their families, and do not report significant distress associated with the screening process. In addition, these findings identify specific barriers to screening that could be addressed to maximize the success of tumor screening programs and guide the implementation of universal CRC tumor screening. Specifically, patients could be educated during screening regarding the potential costs associated with additional genetic counseling or testing. Overall, these results can inform the development of patient education tools to assist in decision-making regarding screening for Lynch syndrome (Table 2) . However, further study is needed to explore additional factors associated with tumor screening and genetic testing to confirm Lynch syndrome.
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Most patients were not concerned about the potential loss of health insurance.
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Health care providers and/or health plans should be prepared to provide information to patients regarding the potential costs of additional genetic counseling and testing associated with a positive tumor screen.
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